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METHOD AND APPARATUS FOR DETECTION OF CONTAMINANTS IN A 

FLUID 

Related Applications 
[0001] This application is a continuation-in-part of U.S. Application Serial No. 

10/389,036, filed March 14, 2003, and hereby fully incorporated herein by reference. 

Field of the Invention 
[0002] The present invention relates generally to the field of biocontamination 

deactivation, and more particularly to a method and apparatus for detecting the 
presence of contaminants in a fluid. 

Background of the Invention 
[0003] The degree of polarity of a molecule is expressed in terms of a "dipole 

moment." Molecules, such as water, that exhibit a separation of charge within the 
molecule, have non-zero dipole moments. If the separated charges are equal in 
magnitude but opposite in sign, the magnitude of the dipole moment is equal to the 
product of the value of one of the separated charges and the distance of separation 
between the charges. The dipole moment is a vector that points from the negatively 
charged side of the molecule to the positively charged side of the molecule. The 
dipole moment depends on three factors, namely, (1) polarity of the molecule, (2) the 
magnitude of the separated charge, and (3) the geometry of the molecule. It is known 
that different molecules will have different dipole moments. 

[0004] The present invention uses differences in the dipole moments of 

different molecules as a means for detecting the presence of contaminants in a fluid. 

Summary of the Invention 
[0005] In accordance with the present invention, there is provided a 

contaminant detecting system for determining the presence of a contaminant in a fluid, 
comprising: (a) a capacitor having first and second conducting plates, said fluid being 
a dielectric therebetween; and (b) sensing means for sensing a change in an electrical 
property of the capacitor, said change in the electrical property varying according to 
the presence of the contaminant in the fluid. 
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[0006] In accordance with another aspect of the present invention, there is 

provided a method for determining the presence of a contaminant in a fluid, 
comprising the steps of: (a) passing the fluid between a capacitor having first and 
second conducting plates, said fluid being a dielectric therebetween; and (b) 
determining a change in an electrical property of the capacitor, said change in the 
electrical property varying according to the presence of the contaminant in the fluid. 
[0007] An advantage of the present invention is the provision of a method and 

apparatus for detecting the presence of contaminants in a fluid by using the fluid as 
dielectric material of a capacitor. 

[0008] Another advantage of the present invention is the provision of a method 

and apparatus for detecting the presence of contaminants in a fluid by detecting 
changes in an electrical property of a capacitor exposed to the fluid. 
[0009] Yet another advantage of the present invention is the provision of an 

apparatus for detecting the presence of contaminants in a fluid that is simple and 
inexpensive to manufacture. 

[0010] These and other advantages will become apparent from the following 

description of a preferred embodiment taken together with the accompanying 
drawings and the appended claims. 

Brief Description of the Drawings 
[0011] The invention may take physical form in certain parts and arrangement 

of parts, a preferred embodiment of which will be described in detail in the 
specification and illustrated in the accompanying drawings which form a part hereof, 
and wherein: 

[0012] FIG. 1 is a block diagram of a system for detecting chemical 

concentrations; 

[0013] FIG. 2 is a schematic illustrating a sensor circuit, according to a first 

embodiment; 

[0014] FIG. 3 is a schematic illustrating a sensor circuit, according to a second 

embodiment; 

[0015] FIG. 4 is a schematic illustrating a sensor circuit according to a third 

embodiment; 
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[0016] FIG. 5 is a schematic diagram illustrating an apparatus for detecting the 

presence of contaminants in a fluid; 

[0017] FIG. 6 is a graph of data from a capacitive sensor circuit in a first data 

collection sample, wherein bovine blood is introduced into a fluid comprised of tap 
water and saline; 

[0018] FIG. 7 is a graph of data from a capacitive sensor circuit in a second 

data collection sample, wherein bovine blood is introduced into a fluid comprised of 
tap water; 

[0019] FIG. 8 is a graph of data from a capacitive sensor circuit in a third data 

collection sample, wherein dirt is introduced into a fluid comprised of tap water; 
[0020] FIG. 9 is a simplified block diagram of a fluid microbial 

decontamination system including means for detecting the presence of contaminants in 
a fluid, according to a preferred embodiment of the present invention; 
[0021] FIG. 10 is a cross-sectional view of a conduit and capacitive sensing 

element, taken along lines 10-10 of FIG. 9; 

[0022] FIG. 1 1 is a flow diagram illustrating a portion of a control algorithm 

for a fluid microbial decontamination system, wherein the presence of a miscible 
contaminant is detected; and 

[0023] FIG. 12 is a flow diagram illustrating a portion of a control algorithm 

for a fluid microbial decontamination system, wherein the presence of an immiscible 
contaminant is detected. 

Detailed Description of a Preferred Embodiment 
[0024] Referring now to the drawings wherein the showings are for the 

purposes of illustrating a preferred embodiment of the invention only and not for 
purposes of limiting same, FIG. 1 shows a chemical concentration detecting system 
10. Detecting system 10 is generally comprised of a sensor circuit 20, a processing 
unit 50 and an output unit 60. 

[0025] Sensor circuit 20 uses a capacitor to sense concentration of chemicals 

in a multi-component fluid, as will be described in detail below. In this regard, it 
should be appreciated that the dielectric constant of a capacitor is dependent on 
electronic "polarizability," Polarization is the ability of molecules to form a dipole 
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under an electric field or the ability of the electric field to line up or rotate an inherent 
dipole, such as water molecules. 

[0026] In a preferred embodiment, processing unit 50 may take the form of a 

microcomputer or microcontroller, including a memory 52 for data storage. 
Processing unit 50 may also be used to control the operation of other system elements, 
such as flow controls for controlling fluid flow of components of a decontamination 
solution. Output unit 60 provides information in an audible and/or visual form. 
Accordingly, output unit 60 may take the form of an audio speaker and/or visual 
display unit. ' 

[0027] Referring now to FIG. 2, there is shown a detailed schematic of sensor 

circuit 20. In the preferred embodiment, sensor circuit 20 takes the form of a "bridge 
circuit." As is well known to those skilled in the art, bridge circuits are used to 
determine the value of an unknown impedance in terms of other impedances of known 
value. Highly accurate measurements are possible because a null condition is used to 
determine the unknown impedance. In the preferred embodiment, the bridge circuit is 
used to determine a capacitance value indicative of the concentration of chemicals in a 
multi-component fluid. In the embodiment shown in FIG. 2, sensor circuit 20 is 
generally comprised of a voltage source 22, a null detector 30, an electronic 
potentiometer 40, a capacitor Ci of known capacitance, and a capacitor C x . Capacitor 
Ci is conventional capacitor located outside vessel, tank or chamber 100. 
[0028] Capacitor C x may be directly exposed to a decontamination solution 

having multiple chemical components. In this regard, capacitor C x is located in a 
vessel, tank or chamber 100, wherein the decontamination solution fills the gap 
between the conducting plates of capacitor C x , thereby acting as the insulator or 
"dielectric" of capacitor C x . Sensor circuit 20 provides data indicative of a 
capacitance C x , corresponding to a chemical concentration. In this regard, capacitance 
C x will vary in accordance with the concentration of components in the multi- 
component fluid. It should be appreciated that the conducting plates may also be 
located such that they are not directly exposed to the decontamination solution, but the 
decontamination solution still acts as a dielectric between the conduction plates. 
[0029] In a preferred embodiment, capacitor C x is a parallel plate capacitor. 

However, it should be appreciated that capacitor C x could be constructed in a different 
form. For example, C x could be a cylindrical or spherical capacitor. If a spherical 



capacitor is used as capacitor C X) holes must be placed in the outer shell of the 
capacitor such that the chemical components can enter and exit the capacitor. 
[0030] Electronic potentiometer 40 functions in the same manner as a 

mechanical potentiometer. In this regard, electronic potentiometer 40 is a three 
terminal device. Between two of the terminals is a resistive element. The third 
terminal known as the "wiper" is connected to various points along the resistive 
element. The wiper is digitally controlled by processing unit 50 (see FIG. 1). The 
wiper divides the resistive element into two resistors R BC and R AC . Electronic 
potentiometer 40 may take the form of a digitally programmable potentiometer 
(DPP™) available from Catalyst Semiconductor, Inc. of Sunnyvale, California. 
[0031] In a first embodiment, voltage source 22 provides an AC voltage signal, 

such as a sinusoidal or pulse waveform. Null detector 30 is a device for detecting a 
null condition (i.e., a short circuit), such as a galvanometer, a voltmeter, a frequency- 
selective amplifier, and the like. 

[0032] Operation of sensor circuit 20 will now be described in detail. The 

elements of the bridge circuit are connected between junctions AC, BC, AD, and BD. 
Electronic potentiometer 40 is operated by processing unit 50 to vary the resistances 
Rbc and R AC until the potential difference between junctions A and B (V AB ) is zero. 
When this situation exists, the bridge is said to be balanced or is "nulled." The 
following relationships then hold for voltages in the main branches: 

Vac = V BC , and V AD = V BD , 

where V AC is the voltage between junctions A and C, V BC is the voltage between 
junctions B and C, V AD is the voltage between junctions A and D, and V BD is the 
voltage between junctions B and D. Accordingly, 

V ad/Vac = V BD /V BC 
Vad = V BD /(V AC /V BC ) 

[0033] The capacitance of capacitor C x is connected between junctions A and 

D with a known capacitance of capacitor C, between junctions B and D. Electronic 
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potentiometer 40, connected from junction A to junction C to junction B, is adjusted 
by processing unit 50 to vary the voltages V A c and V B c* 

[0034] When a null is detected by null detector 30, current // flows from 

junction C to junction A to junction D, and a current h flows from junction C to 
junction B to junction D. The voltage Vac across junctions A to C, and the voltage 
V B c across junctions B to C are: 

V AC =h R Ac an d V BC =I 2 R BC . 

[0035] The voltage across a capacitor with capacitance C, current I, and 

frequency is: 



Therefore, the voltages V AD and V BD may be expressed as: 



V AD = 



V = 

BD 



2*fC x 
h 

27tfC x 



[0036] As discussed above, V AD = V BD /(V AC /V BC ), V AC =I ] R AC , and 

V BC =I 2 R BC . Therefore, 

f /? 1 

C - C 

K K AC) 

[0037] In view of the forgoing relationship, when a null condition is detected, 

the resistance values for R B c and Rac, along with the known capacitance value of 
capacitor Ci, can be used to determine unknown value of capacitance for capacitor C x . 
[0038] Chemical concentration detecting system 10 utilizes differences in 

dipole moments of different molecules to determine the relative concentration of a 
chemical in a solution. As discussed above, the decontamination solution fills the gap 
between the conducting plates of capacitor C x , thereby acting as the dielectric of 
capacitor C x . By configuring capacitor C x as an element of a bridge circuit, a measure 
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of resistance values Rac and Rbc, when the bridge is balanced or nulled, can be used to 
determine the capacitance of capacitor C x . The capacitance of capacitor C x is 
indicative of the relative concentrations of the chemical components in the 
decontamination solution, since the permittivity of the respective dielectric is affected 
by the relative concentrations of the chemical components of the decontamination 
solution. 

[0039] It is well known that for a parallel plate capacitor C = (keo)(A/d) = 

(e)(A/d), where C is capacitance, k is the dielectric constant, 80 is the permittivity of 
free space (8.85 x 10 ~ 12 F/m), 8 is the permittivity (Farads/meter) of the capacitor 
dielectric, A is the area of the capacitor plates (m 2 ), and d is the separation in meters 
between the capacitor plates. As 8 increases, the capacitance C will increase. Where 
the capacitor is a parallel plate capacitor with circular plates of diameter D, C = 
(7tD 2 e)/(4d). 

[0040] It will be appreciated that the dielectric constant k of the capacitor can 

be determined according to the following expression: 

4dC 

k = ~ — - — , 
rrD 2 e 0 

where the value of capacitance, C, is determined as discussed above. The dielectric 
constant of the capacitor can also be determined by determining the capacitance with 
the dielectric in place between the conducting plates (Cd), and then determine the 
capacitance without the dielectric in place (C 0 ). The ratio of the two capacitances 
equals the dielectric constant, 




[0041] The response of a capacitor is influenced by the characteristics (e.g., 

frequency) of the AC waveform applied thereto. In this regard, capacitive reactance 
(X c ) is a function of frequency. Capacitive reactance is the opposition offered to the 
flow of alternating current by pure capacitance, and is expressed in ohms (X c =r 
l/(27ifC)). Accordingly, frequency of the waveform generated by voltage source 22 
influences the response of capacitors. Thus, the frequency selected for voltage source 
22 should preferably be a frequency that will provide a generally linear response for 
capacitance as the concentration of a chemical component is varied. This will 
facilitate the use of interpolation and extrapolation of capacitance values, as will be 
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discussed further below. If a suitable linear response is not obtained, then an 
expanded set of data points should be stored in memory 52. 

[0042] It should be appreciated that while one embodiment of the present 

invention includes a sensor circuit 20 in the form of a bridge circuit, other types of 
circuits and techniques (including other types of bridge circuits, and capacitance 
meters) known to those skilled in the art, may be suitably used to measure capacitance. 
For example, FIG. 3 illustrates an alternative sensor circuit 20A. Sensor circuit 20A is 
an LC resonant circuit, having a variable capacitor Ca located outside vessel 100, and 
a capacitor Cb directly exposed to a decontamination solution having multiple 
chemical components. In this regard, capacitor Cb is located in vessel 100, wherein 
the decontamination solution fills the gap between the conducting plates of capacitor 
C B , thereby acting as the insulator or "dielectric" of capacitor Cb- Since the resonance 
frequency coo = [L(C A +Cb)]~ 1/2 , the unknown capacitance of capacitor Cb can be 
determined. 

[0043] It is recognized that in some cases, the capacitance of the capacitor 

exposed to the solution located in chamber 100 may be in the range of femtoFarad 
capacitance to low picoFarad capacitance (e.g., 1 fF to 100 pF), and that changes in 
concentration of a chemical component in the solution may only result in a change of 
capacitance in the range of low picoFarad capacitance or even femtoFarad 
capacitances. Accordingly, the sensor circuit used to measure capacitance may need 
to have high sensitivity to allow for measurement of small values of capacitance. 
[0044] FIG. 4 illustrates yet another alternative sensor circuit 20B suitable for 

use in connection with the present invention. Sensor circuit 20B is a "charge transfer" 
sensor circuit. Charge transfer sensor circuits are recognized to provide resolutions of 
fractions of a femtoFarad. In a charge transfer sensor circuit the unknown capacitance 
of a sense electrode is determined by charging the sense electrode to a fixed potential, 
and then transferring that charge to a charge detector comprising a capacitor of known 
capacitance. In sensor circuit 20B, capacitor C y of unknown capacitance is located in 
chamber 100, wherein the solution fills the gap between the conducting plates of 
capacitor C y , thereby acting as an insulator or "dielectric" of capacitor C y . Capacitor 
C y is first connected to a DC reference voltage (V r ) via a switch Si. Switch Si is 
reopened after C y is satisfactorily charged to the potential of V r . Then, after as brief as 
possible a delay so as to minimize leakage effects caused by conductance, switch S2 is 
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closed and the charge (Q) present on C y is transferred to capacitor C s (i.e., the charge 
detector). Once the charge Q is satisfactorily transferred to capacitor C s , switch S2 is 
reopened. By reading voltage V s , the capacitance of capacitor C y can be determined. 
V s may be input to an amplifier to provide the scaling necessary to present an analog- 
to-digital converter (ADC) with a useful range of voltage for digital processing. 
Switch S3 acts as a reset means to reset the charge between charge transfer cycles, so 
that each charge transfer cycle has a consistent initial condition. Switches Si, S2 and 
S3 may be electromechanical switches or transistors. Preferably, digital control logic is 
used to control switches Si, S2 and S3. In a preferred embodiment, C s is selected to be 
significantly larger that C y . 

[0045] The equations governing sensor circuit 20B are as follows: 

V s = V r [C y /(C y +C s )] 5 therefore 
Cy = V s C s /[V r -V s ]. 

[0046] The charge-transfer sensor has been applied in a self-contained 

capacitance-to-digital-converter (CDC) integrated circuit (IC). For example, Quantum 
Research Group produces a QProx™ CDC sensor IC (e.g., QT300 and QT301 CDC 
sensor ICs) for detecting femto farad level changes in capacitance. The CDC sensor IC 
outputs a digital value corresponding to the detected input capacitance. The value of 
an external sampling capacitor controls the gain of the sensor. 

[0047] Other high sensitivity circuitry is provided by such devices as the PTL 

110 capacitance transducer from Process Tomography Limited of Cheshire, United 
Kingdom. The PTL 110 measures small values of capacitance (up to 10 picoFarads) 
with a resolution of 1 femtoFarad. A 1616 Precision Capacitance Bridge from IET 
Labs, Inc. of Westbury, New York, allows for measurement of capacitances in the 
range from 10" 7 pF to 10jiF. Tektronix produces the Tektronix 130 LC Meter that 
measures capacitance from 0.3 pF to 3 pF. It has also been acknowledged in the prior 
art literature that capacitance sensor circuits using modern operational amplifiers and 
analog-to-digital converters (ADCs) can easily obtain resolutions to 0.01 pF. 
[0048] With reference to FIGS. 1 and 2, operation of chemical concentration 

detecting system 10 will now be described in detail As a preliminary step, processing 
unit 50 stores in memory 52 a set of data comprising values of the capacitance of 
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capacitor C x for a plurality of relative concentrations of a multi-component 
decontamination solution. This set of data may be determined by exposing capacitor 
C x of system 10 to several different combinations of relative concentrations of the 
multi-component decontamination solution, and recording the corresponding 
measured capacitance C x . For example, processing unit 50 may store values of the 
capacitance of capacitor C x that are determined for a plurality of relative 
concentrations of a multi-component decontamination solution comprised of only two 
components. As the relative concentrations of the first and second components are 
varied, the corresponding capacitance of capacitor C x is determined, and stored in 
memory 52. For instance, capacitance of capacitor C x may be determined for various 
concentrations of a first component and a second component (at a fixed volume of the 
decontamination solution), including, but not limited to: 

0% first component and 100% second component, 
25% first component and 75% second component, 
50% first component and 50% second component, 
75% first component and 25% second component, and 
100% first component and 0% second component. 
[0049] After the set of data is stored in memory 52, measurement of 

concentrations of a multi-component decontamination solution can commence. 
Capacitor C x is exposed to a multi-component decontamination solution that is being 
monitored. As indicated above, capacitor C x may be located in a vessel, tank or 
chamber 100 filled with the multi-component solution. A determination of Rac and 
Rbc when the bridge is nulled is then used to determine a value for the capacitance of 
capacitor C x . As discussed above, C x = Ci (Rbc/Rac)- The data stored in memory 52 
is searched for the capacitance of capacitor C x to obtain the corresponding relative 
concentrations. A linear relationship between concentration and capacitance allows 
one to normalize any measurement made so as to provide the absolute concentration of 
each component in the solution. If the capacitance of capacitor C x is not found in the 
pre-stored data, the stored data may be interpolated or extrapolated to obtain a 
concentration corresponding to the measure capacitance of capacitor C x . As noted 
above, frequency of the waveform generated by voltage source 22 will influence the 
response of capacitors. Where the capacitance of capacitor C x does not exhibit a 
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suitable linear response, an expanded set of data points should be stored in memory 
52, so that interpolation or extrapolation is unnecessary. 

[0050] It is also contemplated that a measure of other electrical properties of a 

capacitor may be used to determine relative concentrations, including, but not limited 
to, the permittivity and dielectric constant of the capacitor dielectric. 
[0051] Based upon the determined relative concentrations, processing unit 50 

may be programmed to control the concentration of one or more components of the 
decontamination solution. For instance, processing unit 50 may output control signals 
(see FIG. 1) to adjust a flow control valve or other control means for modifying the 
relative concentrations. Accordingly, processing unit 50 may provide feedback 
control to adjust the relative concentrations to correspond with desired relative 
concentrations that provide optimum decontamination. Processing unit 50 may also 
output signals to output unit 60 to provide an audible and/or visual indicator when the 
determined relative concentrations are not within a desired range. The visual indicator 
may assist an operator by including a display of the relative concentrations or absolute 
concentration of an oxidant or sterilant as determined by processing unit 50. 
[0052] In a preferred embodiment, the multi-component decontamination 

solution is comprised of two components, namely, an antimicrobial chemical and a 
base fluid. The antimicrobial chemical is the active chemical for a decontamination 
process, while the base fluid acts as a diluent for the antimicrobial chemical, or as a 
vehicle or carrier for the antimicrobial chemical. 

[0053] Examples of antimicrobial chemicals, include, but are not limited to, 

liquids, such as hydrogen peroxide, peracids such as peracetic acid, and bleach, as well 
as gases, such as ozone, ammonia, ethylene oxide, fluorine containing chemicals, 
chlorine containing chemicals, and other highly oxidative gases. 
[0054] Examples of base fluids, include, but are not limited to, water, de- 

ionized water, distilled water, an alcohol (e.g., a tertiary alcohol), a glycol-containing 
chemical compound, and a mixture thereof. Glycol-containing chemical compounds 
include, but are not limited to, polyethylene glycol, diethylene glycol, triethylene 
glycol, tetraethylene glycol, glycol ethers, polypropylene glycol, propylene glycol, and 
combinations thereof. 

[0055] Some typical combinations of an antimicrobial chemical and a base 

fluid, include, but are not limited to, hydrogen peroxide and water, bleach and water, 
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ozone and water, peracid and water, peracetic acid and water, alcohol and water, and 
ozone dissolved in a glycol, or an alcohol, such as a tertiary alcohol. 
[0056] The principle of the present invention may also be extended to 

detection of contaminants in a fluid. In accordance with a preferred embodiment of 
the present invention, a capacitive sensor circuit is used to detect the presence of 
miscible and immiscible contaminants in a fluid, as will be described in detail below. 
[0057] This aspect of the present invention will first be described with 

reference to sample data acquired using a test apparatus 1 10, as shown in FIG. 5. Test 
apparatus 110 is generally comprised of a capacitive sensor circuit 120, a tank 130, 
and a recirculation conduit 160. 

[0058] Tank 130 is a 10L tank with an open top. Conduit 160 provides a fluid 

path for circulating fluid from the bottom of tank 130 to the top of tank 130. Conduit 
160 is made of an electrically nonconductive material. A pump 170 pumps fluid 
through conduit 160. A restrictor valve 180 is provided along conduit 160 to adjust 
the flow rate of fluid past capacitive sensing element 140 of sensor circuit 120, 
described below. 

[0059] Sensor circuit 120 includes a capacitance sensor and a capacitive 

sensing element 140. More specifically, sensor circuit 120 includes an E297S board 
and QTM2000 module, using a charge-transfer capacitance sensor IC QT9701B2, all 
available from Quantum Research Group Ltd. The charge-transfer capacitance sensor 
IC outputs a digital value indicative of an input capacitance. 

[0060] Capacitive sensing element 140 takes the form of a capacitor tape. 

Capacitor tape is located outside of conduit 160, and serves as a first plate of a sense 
capacitor. A virtual ground serves as a second plate of the sense capacitor. It should 
be appreciated that the capacitor tape may also be located inside conduit 160, and act 
as a floating metallic plate. The size of the metallic plate will effect the sensitivity of 
sensor circuit 120. For test apparatus 1 10, the metallic plate of the capacitor tape has 
approximate rectangular dimensions of 1 inch by 4 inches, and is made of copper. 
[0061] Digital data indicative of the measured capacitance associated with 

sensing element 140 is output from sensor circuit 120 to a personal computer (PC) 
150. PC 150 includes a software for graphically displaying the collected test data, as 
will be described below. 
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[0062] The test data was collected by circulating a solution through tank 130 

and conduit 160. Miscible and immiscible contaminants were introduced into the 
circulating solution. Data indicative of the measured capacitance associated with 
sensing element 140 was graphically displayed before and after the introduction of 
contaminants. 

[0063] Referring now to FIG. 6, there is shown a first set of test data, showing 

capacitance as a function of time. For the first set of test data, an initial solution of tap 
water and saline was introduced into tank 130. At time Ti 5 ml of bovine blood was 
introduced into conduit 160. It can be observed that the measured capacitance spikes 
upon introduction of the bovine blood into the solution, and remains elevated as the 
miscible blood mixes with the tap water and saline. 

[0064] FIG. 7 shows a second set of test data, showing capacitance as a 

function of time. For the second set of test data, an initial solution of tap water was 
introduced into tank 130. At time Ti 5 ml of bovine blood was introduced into 
conduit 160. It can be observed that the measured capacitance increases upon 
introduction of the bovine blood into the solution, and remains elevated as the 
miscible blood mixes with the tap water. 

[0065] Referring now to FIG. 8 there is shown a third set of test data, showing 

capacitance as a function of time. For the third set of test data, an initial solution of 
tap water was introduced into tank 130. At time Ti approximately 1 gram of dirt was 
introduced into conduit 160. It can be observed that the measured capacitance 
"spikes'' upon introduction of the dirt, but rapidly returns to the capacitance level 
observed before the introduction of the dirt. 

[0066] FIG. 9 shows a block diagram of a fluid microbial decontamination 

system 210 (e.g., a washer disinfector, an endoscope reprocessor, or the like) designed 
to cause microbes on an article to be removed or killed by a fluid antimicrobial agent. 
It should be appreciated that the block diagram of fluid microbial decontamination 
system 210 has been simplified by omitting components of a typical fluid microbial 
decontamination system, in order to more clearly illustrate the present invention. The 
fluid microbial decontamination system shown in FIG. 9 is exemplary, and is not 
intended to limit the scope of the present invention. 

[0067] System 210 includes a treatment chamber 230, a conduit 260, a 

capacitive sensor circuit 220, and a control unit 250. Articles to be treated are located 
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in treatment chamber 230. Antimicrobial fluids and rinse solutions are circulated 
through treatment chamber 230 to treat the articles. The articles subject to treatment 
are typically re-usable devices used in connection with medical, dental, 
pharmaceutical and veterinary practices. 

[0068] Conduit 260 provides a fluid path for circulating fluids through 

treatment chamber 230. Conduit 260 is preferably interconnected with other conduits 
(not shown) comprising the plumbing system of system 210. Conduit 260 is 
preferably made of an electrically nonconductive material, such as plastic or ceramic 
material. 

[0069] In a preferred embodiment, sensor circuit 220 includes a charge- 

transfer capacitance sensor IC and a capacitive sensing element 240, described in 
detail below. By way of example, and not limitation, the charge-transfer capacitance 
sensor IC may take the form of model number QT9701B2 from Quantum Research 
Group Ltd. Alternatively, a capacitance-to-digital-converter (CDC) may be used (e.g., 
model numbers QT300 and QT301 from Quantum Research Group Ltd.). The charge- 
transfer capacitance sensor IC and the CDC output a digital value indicative of an 
input capacitance. 

[0070] As best seen in FIG. 10, sensing element 240 includes a first metal foil 

electrode 242 and a second metal foil electrode 244. Electrodes 242 and 244 are 
located along the outer surface of conduit 260, and are preferably made of copper. 
Electrode 242 is connected to ground, while electrode 244 is connected as an input to 
sensor circuit 120. 

[0071] In a preferred embodiment, control unit 250 may take the form of a 

microcomputer or microcontroller, including a memory (not shown) for data storage. 
Control unit 250 processes data received from sensor circuit 220, and also controls the 
operation of other elements of system 210, including, but not limited to, flow controls 
for controlling fluid flow through treatment chamber 230. 

[0072] Input unit 252 provides means for inputting data to control unit 250. 

By way of example, and not limitation, input unit 252 may take the form of a 
keyboard, a keypad, switches, or a touch screen. Output unit 254 provides information 
to an operator in an audible and/or visual form. Accordingly, output unit 254 may 
take the form of an audio speaker and/or visual display unit. 
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[0073] A first mode of operating system 210 will now be described with 

reference to FIG. 11. Sensor circuit 220 may be suitably used to determine whether a 
fluid is devoid of any miscible contaminants (e.g., blood, urine, soap, antimicrobial 
chemicals, miscible soil, and the like). In this regard, the capacitance value provided 
by sensor circuit 220 will vary in accordance with the composition of the fluid sensed 
by sensing element 240, as shown in FIGS. 6 and 7. 

[0074] A capacitance value is established for the fluid devoid of any miscible 

contaminants. This capacitance value is then used to establish a threshold value. By 
way of example, and not limitation, the processing cycle may be (1) a wash cycle, (2) 
an antimicrobial treatment cycle, or (3) a rinse cycle that follows a wash cycle or an 
antimicrobial treatment cycle. In the case of a wash cycle, a threshold value can be 
determined for a solution generally comprised of a cleaning agent (e.g., soap and/or 
detergent), and water. For the antimicrobial treatment cycle, a threshold value can be 
determined for a solution generally comprised of an antimicrobial treatment chemical 
(e.g., a sterilant, such as peracetic acid) and a diluent (e.g., water). For a rinse cycle, a 
threshold value can be determined for a fluid generally comprised of pure water. In 
each case, the threshold value is established for a fluid having a generally constant 
concentration of chemical components. It should be appreciated that the threshold 
value may be determined using the method and apparatus for determining the 
concentration of chemical components in a fluid, as described above. 
[0075] Referring now to FIG. 11, a processing cycle commences at step 302. 

At predetermined intervals during the processing cycle, the capacitance value is 
measured using sensor circuit 220 (step 304). The measured capacitance value is 
received by control unit 250. Control unit 250 compares the measured capacitance 
value to the threshold value, to determine whether the measured capacitance value is 
at, or near, the threshold capacitance value (step 306). 

[0076] If the measured capacitance value is at, or near, the threshold 

capacitance value, control unit 250 determines that the fluid is devoid of a miscible 
contaminant (step 308). If the measured capacitance value is not at, or near, the 
threshold capacitance value, control unit 250 determines that a miscible contaminant 
has been detected (step 310). Accordingly, control unit 250 takes corrective action. 
For example, control unit 250 may continue with the processing cycle until the 
miscible contaminant is no longer detected, abort the current processing cycle, or take 
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other corrective action. Control unit 250 may also alert the operator to the detection of 
a miscible contaminant. 

[0077] For example, where the processing cycle is a rinse cycle following a 

wash cycle, blood may be detected in the rinse water if the measured capacitance 
value is not at, or near, the threshold capacitance value. Upon detecting the presence 
of the blood in the rinse water, control unit 250 may abort the current rinse cycle and 
take corrective action, such as commencing a new wash cycle. Accordingly, the 
present invention can be used to assure that no residual, miscible contaminant is 
present. 

[0078] It should be appreciated that rather than determining whether the 

measured capacitance value is at, or near, the threshold value to detect the presence or 
absence of a miscible contaminant, it can be determined whether the measured 
capacitance value is greater (or less) than the threshold capacitance value. A 
measured value deviating a predetermined amount from the threshold value is 
indicative of the presence of a miscible contaminant. 

[0079] A second mode of operating system 210 will now be described with 

reference to FIG. 12. Sensor circuit 220 may be suitably used to determine whether a 
fluid is devoid of any immiscible contaminants (e.g., dirt, bone matter, skin, organ 
tissue, immiscible soil, and the like). In this mode of operation, sensor circuit 220 
outputs a signal to control unit 250 indicative of a "spike" in the measured capacitance 
value to indicate the presence of an immiscible contaminant, as shown in FIG. 8. 
[0080] A capacitance value is established for the fluid devoid of any 

immiscible contaminants. This capacitance value is then used to establish a base 
value. By way of example, and not limitation, the processing cycle may be (1) a wash 
cycle, (2) an antimicrobial treatment cycle, or (3) a rinse cycle that follows a wash 
cycle or an antimicrobial treatment cycle. In the case of a wash cycle, a base value 
can be determined for a solution generally comprised of a cleaning agent (e.g., soap 
and/or detergent), and water. For the antimicrobial treatment cycle, a base value can 
be determined for a solution generally comprised of an antimicrobial treatment 
chemical (e.g., a sterilant, such as peracetic acid) and a diluent (e.g., water). For a 
rinse cycle, a base value can be determined for a fluid generally comprised of pure 
water. In each case, the base value is established for a fluid having a generally 
constant concentration of chemical components. It should be appreciated that the base 
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value may be determined using the method and apparatus for determining the 
concentration of chemical components in a fluid, as described above. 
[0081] Referring now to FIG. 12, a processing cycle commences at step 312. 

At predetermined intervals during the processing cycle, the capacitance value is 
measured using sensor circuit 220 (step 314). Next, it is determined whether a "spike" 
in the measured capacitance has occurred (step 316). If no "spike" is detected in the 
measured capacitance value, then it is determined that no immiscible contaminant is 
present in the fluid (step 318). If a "spike" is detected in the measured capacitance, 
then it is determined that an immiscible contaminant is present in the fluid (step 320). 
It should be appreciated that the "spike" is detected as a sudden rise and fall in the 
measured capacitance value, wherein the measured capacitance value before and after 
the "spike" is the base value associated with a fluid having a generally constant 
concentration of chemical components. 

[0082] In response to detection of a "spike," control unit 250 can take 

corrective action, or abort the current processing cycle. Control unit 250 may also alert 
the operator to the detection of an immiscible contaminant. For example, where the 
processing cycle is a rinse cycle following an antimicrobial treatment cycle, the 
presence of dirt may be detected in the rinse water by detection of a "spike" in the 
measured capacitance. Upon detecting the presence of the dirt in the rinse water, 
control unit 250 may abort the current rinse cycle, and alert the operator to take 
corrective action, such as commencing a re-wash of the articles subject to the 
antimicrobial treatment cycle. Accordingly, the present invention can be used to 
assure that no residual, immiscible contaminant is present. 

[0083] Other modifications and alterations will occur to others upon their 

reading and understanding of the specification. It is intended that all such 
modifications and alterations be included insofar as they come within the scope of the 
invention as claimed or the equivalents thereof. 



